ABSTRACT OBJECTIVE: To estimate the incidence and identify risk factors for lower-extremity pressure ulcers in bedfast older adult patients. DESIGN: Prospective cohort study. SETTING: A 500-bed long-term-care facility in Japan. PATIENTS: A total of 259 patients who were aged 65 years or older, confined to bed, and without lower-extremity pressure ulcers at enrollment participated in the study.
Pressure ulcers (PrUs) are a common problem in vulnerable individuals, such as bedfast older adults. Patients with PrUs have a reduced quality of life and increased morbidity and mortality rates. 1 Estimates of the incidence of PrUs remain elusive, ranging from 2.2% to 23.9% [2] [3] [4] in long-term-care facilities and 0.4% to 38% in hospitalized patients. [5] [6] [7] [8] As longterm care and hospital populations continue to increase in size as a result of demographic trends, PrUs are anticipated to remain a serious problem for care providers. It has been observed that PrUs in older adult patients occur most commonly on the heel, and the percentages of PrUs are higher on the lower extremities (heel, ankle, foot, and toe) than on the buttocks (sacrum and coccyx). [9] [10] [11] The development of lower-extremity PrUs in the older adult population has become an important issue in Japan. When patients are in bed and immobile, sources of external pressure include the bed surface and friction generated due to movement of the lower extremities as a result of restlessness. The calcaneus is the largest bone in the foot; therefore, the heel and malleoli may be more prone to tissue breakdown than other parts of the body when pressure is exerted directly over the bone because of the small subcutaneous tissue volume in that area. Prevention of PrUs is primarily accomplished by managing tissue loads. Guidelines [12] [13] [14] [15] suggest that PrUs can be prevented by using appropriate support surfaces and turning for patients with limited activity. Moreover, guidelines recommend using pressure-relieving devices on the heels of immobile patients. 12, 13, 15 No detailed guidelines, however, describe preventive care for other parts of the lower extremities. In addition, the use of several risk assessment tools is recommended for risk prediction of PrUs. Predictions are based on the level of consciousness or sensory awareness, mobility, activity, incontinence, nutritional status, friction, and shear. 8 The instruments used to examine these factors were developed for whole-body PrU risk assessment. However, additional factors have been identified that may be important for more precise prediction of the risk of lower-extremity PrU development in bedfast older adult patients. MAIN OUTCOME MEASURES: Incidence of occurrence, wound characteristics, and risk factors for lower-extremity pressure ulcers. The incidence of lower-extremity pressure ulcers per 100 person-years was 16.8 (n = 33). The most common sites of lesions were the toes and heels. Cox regression analysis indicated that 3 factors were independently related to new lower-extremity pressure ulcer risk: low ankle-brachial index value (hazards ratio 0.075; 95% confidence interval [CI], 0.023-0.242), length of bedfast period (hazards ratio 1.010; 95% CI, 1.004-1.015), and male gender (hazards ratio 2.951; 95% CI, 1.450-6.009). Receiver operating characteristic curve analysis showed the area under the curve was 0.760 (95% CI, 0.675-0.844) for the ankle-brachial index. Therefore, an ankle-brachial index cutoff level of 0.8 provided high sensitivity and adequate specificity. CONCLUSION: Lower-extremity pressure ulcers are a significant problem in bedfast older adult patients aged 65 years or older. Bedfast older adult patients who developed lower-extremity pressure ulcers in this study were believed to have arteriosclerosis; the patients' ulcers exhibited features of ischemic ulcers. The findings of the present study suggest that bedfast older adult patients with a low ankle-brachial index value, a long bedfast period, or male gender should be closely monitored for lower-extremity pressure ulcer development on admission to long-term-care facilities. In particular, the ankle-brachial index is recommended as a screening tool in this practice setting.
ADV SKIN WOUND CARE 2006; 19:391 -7 Various researchers have identified risk factors for the occurrence of PrUs, such as demographic factors (age and gender), 16, 17 medical factors (dry skin, erythema, dehydration, edema, lymphoma, fracture, and vital signs), [16] [17] [18] [19] [20] nutritional factors (food intake, reduced body weight, and serum albumin level), 16, 19, 21 and functional factors (immobility, incontinence, and stress). [17] [18] [19] [20] Among these, immobility has been shown to be the most significant risk factor for the development of PrUs. 19 In some older adult patients, complications of bed rest include muscle contracture, particularly of the muscles of the lower extremities. 22, 23 In addition, hemodynamic changes occur after long-term bed rest. The prevalence of lower-extremity arterial disease (LEAD) is approximately 30% in people aged 70 years or older. 24 Arteriosclerosis is a common cause of LEAD. When arteriosclerosis becomes severe, the mechanism of peripheral vasodilatation is inadequate to meet the needs of skin, muscle, and nerves, even at rest. 25 The development of lower-extremity PrUs among bedfast older adult patients may be related to immobilization, bed rest, and arteriosclerosis. However, most previous studies were not performed exclusively in bedfast older adult subjects and therefore, the problem of lower-extremity PrU formation in this population remains to be explored in detail. The present study was conducted to estimate the incidence of and identify clinical risk factors for lower-extremity PrU formation among bedfast older adult patients.
METHODS

Setting and patients
A prospective cohort study of patients admitted to a 500-bed long-term-care facility in Japan between October 2003 and September 2004 was conducted. Consent was obtained from all patients or their family members, and each patient's skin was inspected before the start of the study. Patients with lowerextremity PrUs were not included in the study. To be included in the study, patients had to be bedfast, aged 65 years or older, have a length of stay of 14 days or longer, and be identified as being at risk of developing, but not having, PrUs at the start of the study. A total of 279 patients were recruited, of whom 92.8% (259) agreed to participate in the study. Bedfast was defined according to the Functional Independent Measure (FIM) 26 subscales, which measure parameters of self-care, sphincter control, transfer, locomotion, communication, and social interaction; a score of 1 indicates complete dependence. The length of the bedfast period meant the period for which the patient continued to satisfy this definition of bedfast. Care for preventing PrUs in the long-term-care facility was carried out in accordance with the facility's policy, based on the guidelines of the Japanese government, and consisted of regular turning and repositioning for bedfast patients, use of support surfaces on the bed to reduce or relieve pressure, continence care, and consultation with a nutritionist.
Incidence
Subjects received daily skin assessments by the facility nursing staff until discharge for up to 1 year. Pressure ulcers were judged by a wound care specialist, who utilized a skin assessment tool that delineated each bony prominence and that required the assessor to rate the presence or absence of ulcers at each site. Any lesion on the skin surface that occurred as a result of pressure, regardless of the source, was staged according to the National Pressure Ulcer Advisory Panel recommendations 27 as follows: Necrotic wounds were staged after removal of the necrotic tissue. Only PrUs of Stage II or greater were included as positive results, and gangrene was excluded. The location, severity, and size of ulcers were recorded. The incidence rate was defined as the number of new cases of disease or conditions that arose during a specific period divided by the total amount of person-time observed among individuals at risk. 28 The formula for calculating incidence density 29 was as follows:
Number of patients developing new pressure ulcers
Total patient-days they were free of pressure ulcers
Risk factors
Patient characteristics postulated to be risk factors for the development of PrUs included demographics, biometrics, and
laboratory test results. 30, 31 Baseline data collected included demographic information, such as age, gender, and Braden Scale score; underlying medical condition; length of bedfast period; physical function, such as lower-extremity contracture and toe contracture, and decreased ankle joint mobility; hemodynamics of the lower extremities, such as the anklebrachial index (ABI) and interface pressure on the heel; and blood test results. These data were obtained from the medical and nursing records and were observed or measured directly by the researchers. The ABI was obtained using a 10-MHz Doppler (ES-1000SPII blood flowmeter; Hadeco Company, Kanagawa, Japan) and sphygmomanometer to measure the systolic pressures in the brachial, posterior tibial, and/or dorsalis pedis arteries in accordance with the standard method. 32 The ABI was calculated for each right and left lower extremity. The ABI is interpreted as normal when the value is equal to or greater than 1.0; a value of 0.9 or less represents some degree of arterial insufficiency. The interface pressure on the heels was measured with an interface pressure evaluator (Cello multi-pad-type pressure evaluator; CAPE Company, Kanagawa, Japan). This device is composed of 3 air-pad sensors unit, 38 mm in length and 35 mm in width, and a monitor body. One of the 3 sensor pads was placed under the heel region in contact with the bed surface. Measurements were taken 3 times for each of the right and left extremities and the maximum values were recorded. The clinical reliability and validity of this device were previously verified. 33 These measurements had no ill effects on the patients.
Statistical analysis
Descriptive data were analyzed, and the significance of differences between subjects with and without ulcers was examined using the chi-square test and the Fisher exact test for values less than 5 and the independent-sample t tests. To explore the associations between baseline factors and the development of lower-extremity PrUs, Cox regression analysis was performed in 2 steps. First, variables showing a significant relationship to lower-extremity PrUs in the initial analysis were run in the model. Second, a backward stepwise Cox regression model was run. Variables with P values z .05 were removed from the stepwise model. All comparisons were 2-sided, and a 5% level of significance was used. Statistical analyses were performed using SPSS version 10.1 (SPSS Inc, Chicago, IL). The ability of the variable to predict the development of lower-extremity PrUs was determined by receiver operating characteristic (ROC) curve analysis, which provided a visual representation of the trade-off between sensitivity and specificity for the test over a given range of values. The area under the curve is commonly used as a summary measure for ROC curves, with greater area under the curve indicating greater accuracy. The area under the curve ranged from 0.5 (no discrimination) to 1.0 (perfect discrimination). The optimal cutoff point was determined by the ROC curve, which provided high sensitivity and adequate specificity. 34 The likelihood ratio (LR) was defined as sensitivity/(1-specificity) and was interpreted as the ratio of the probability of positive test results.
RESULTS
Overall patient characteristics
Of the 259 participants, 46 died and 19 were transferred to other facilities. The mean age F standard deviation (SD) was 83.6 F 7.8 years (range 65-100 years); 74.1% of the patients were women. The length of bedfast period F SD was 53.0 F 37.0 months (range 3-264 months). The most frequent medical conditions included cerebrovascular disease (n = 235, 90.7%), heart disease (n = 79, 30.5%), hypertension (n = 75, 29.0%), diabetes (n = 47, 18.1%), respiratory disease (n = 28, 10.8%), and arteriosclerosis obliterans (n = 5, 1.9%). The mean Braden Scale score F SD was 10.8 F 2.2. Fifty-eight patients had lower-extremity contracture (22.4%), and 56 of these patients had toe contracture (21.6%). No significant differences were observed in the ABI or interface pressure between the right and left lower extremities.
Incidence
Thirty-three patients developed 1 or more lower-extremity PrUs. More than 190 person-years of observation were available for evaluation, and the incidence density was 16.8 per person-year. There were 37 lower-extremity PrUs among the 33 patients, including 17 Stage II PrUs, 14 Stage III PrUs, and 6 Stage IV PrUs. The most common ulcer locations were the toe (n = 10) and heel (n = 8). Measuring ulcers using the perpendicular method 35 showed ulcer sizes of 0.36 to 31.62 cm 2 (mean = 3.82 cm 2 ; Table 1 ).
Risk factors
Variables entered in the logistic regression equations were selected based on conceptual relationships with PrU etiology and demonstrated significant differences (P < .05) between groups with and without PrUs. Nine factors were positively associated with lower-extremity PrU development by univariate analyses: length of bedfast period, male gender, lowerextremity contracture, toe contracture, ABI, hemoglobin level, red blood cell count, sodium level, and chlorine level (Tables 2  and 3 ). In addition, the significance of interactions between factors with significant correlations and Pearson values greater than 0.3 was tested in separate Cox regression models. Highly correlated variables (r > 0.4) were not tested simultaneously.
The ABI was correlated with lower-extremity contracture (r = -0.437; P < .001) and toe contracture (r = -0.402; P < .001), hemoglobin level was strongly correlated with red blood cell count (r = 0.873; P < .001), and sodium level was strongly correlated with chlorine level (r = 0.680; P < .001). Variables entered into the backward stepwise Cox regression model were ABI value, length of bedfast period, hemoglobin level, sodium level, and male gender. The ABI value, length of bedfast period, and male gender were independent predictors of lowerextremity PrUs (Table 4 ). The combination of ABI, length of bedfast period, and gender resulted in ROC curves with areas under the curve of 0.738 (95% confidence interval [CI], 0.659-0.816); 0.724 (95% CI, 0.643-0.805) for ABI plus length of bedfast period; and 0.473 (95% CI, 0.360-0.587) for ABI plus gender. In addition, the area under the ROC curve of ABI, which allowed maximum beta (h) among these 3 variables, was 0.760 (95% CI, 0.675-0.844). An ABI cutoff level of 0.8 provided high sensitivity and adequate specificity. At a level of 0.8, the sensitivity was 0.70 and the specificity was 0.69, producing an LR of 2.27 ( Figure 1 and Table 5 ).
DISCUSSION
This prospective cohort study revealed 3 risk factors for lowerextremity PrUs in bedfast older adult patients: low ABI, prolonged bedfast period, and male gender. This is the first prospective study of risk factors in which ongoing measurement of variables was performed in combination with ongoing skin assessment.
Incidence and wound characteristics
The lower-extremity PrU incidence of 16.8 per person-year in the present study was not comparable with other previously published data; however, the value of 12.9% taken as the cumulative incidence was higher than those reported for older adults in long-term-care facilities and home care. In addition, 51% of PrUs were full-thickness wounds, a value higher than the figures reported in previous studies. 16, 19 This may have been because the outcome of the present study did not include Stage I PrUs. Wound appearance on initial presentation could not be clarified because the daily skin assessment nurse and the investigator making the judgment were different between cases. Although the patients in the study had received preventive care for PrUs, lower-extremity PrUs occurred. Notably, after the heel, the toes were the most common locations of ulcers. Ischemic ulcers are sometimes seen in these locations due to wearing shoes that are too narrow. 31 Ischemic ulcers are caused by low-level pressure over a long period, causing death of the tissue. 36 In the present study, PrUs were observed in sites common to ischemic ulcers. For example, although the bedfast older adult patients in the present study could not wear shoes, ulcers occurred on the toes. It was difficult to distinguish between PrUs and arterial ulcers; however, the sites of the lower extremity that usually do not come into contact with the mattress while lying in the bed (eg, the toes and the metatarsus) were shown to be exposed to compression. The observations indicated that these sites came into contact with the mattress due to contracture of the lower extremities or that these parts were compressed by the contralateral lower extremities and other toes. When aging and bed rest occur together, patients show a marked decrease in muscle mass of the lower extremities over bony prominences. As a result, high levels of external pressure may damage the skin of the lower extremities over the bony prominence.
Risk factors
This prospective cohort study revealed 3 independent risk factors for lower-extremity PrU development in bedfast older adult patients. These findings represent the first stage of exploration of a possible predictive model specific to this population. 
Ankle-brachial index
The ABI is measured to assess arterial blood flow in the lower extremities and determine the level of ischemia. The ABI is interpreted as normal when the value is z1.0; LEAD, 0.9; borderline perfusion, 0.60 to 0.8; and severe ischemia, less than 0.5. 30 In the present study, the development of lower-extremity
PrUs was associated with a mean ABI value of 0.67. This result suggested that most patients who developed lower-extremity PrUs had vascular occlusion, although this diagnosis could not necessarily be made in these patients. In Japan, the most common reason for older adult patients to become bedfast is stroke. In fact, 90% or more of the subjects in the study had cerebrovascular disease, and such patients often have amalgamated LEAD. 37 In addition, ABI was correlated with lowerextremity contracture and toe contracture. Moreover, the vessel diameter may narrow in flexion contracture. These results suggest that lower-extremity vascular occlusion and stretching of blood vessels caused by contracture are specific risk factors related to lower-extremity PrUs in the bedfast older adult. Most clinicians believe that the ABI is useful in the diagnosis and management of symptomatic and asymptomatic LEAD. 25, 38, 39 Nevertheless, LEAD is not routinely assessed in bedfast older adult patients. This noninvasive technique can provide helpful physiologic information for assessment of the risk of development of lower-extremity PrUs in these patients. The ABI measurement was suggested to be of predictive value for wound healing as well as for the risk of lower-extremity PrU development. Based on the Japanese government guidelines, practitioners carry out care to prevent PrUs, such as conducting noninvasive assessments. Bedfast older adult patients should undergo vascular screening, and those with ABI values of less than 0.8 should receive preventive care focusing on the lower extremities in addition to usual measures to prevent ulcer formation.
Length of bedfast period
Many measures of impaired mobility and activity (ie, bedfast status) have been shown to be positively associated with PrU development. However, the present study is the first to suggest that the risk continues during the bedfast period. Disuse atrophy occurs as a complication of an extended bedfast period and will reduce the blood supply to the patient's lower extremities. In the present study, the mean bedfast period of patients with lower-extremity PrUs was 73.6 months, which was about 1.5-fold that of the bedfast period for patients without such ulcers (36 months). Care should be taken to prevent the occurrence of lower-extremity PrUs in older adult patients when the bedfast period exceeds 4 years. In addition, rehabilitation programs must be introduced for bedfast older adult patients to prevent contracture and to reduce heel pressure on the support surface.
Male gender
The risk of developing lower-extremity PrUs for male subjects was 2.95-fold greater than for female subjects. The findings of the present study are consistent with those of 2 previous studies 17, 40 in which large data sets were used to explore the risk factors associated with PrUs in long-term-care and home care patients. However, in another study, no significant relationship was noted with gender. 11 The mechanism by which male gender is associated with lower-extremity PrU development in bedfast older adult patients remains unclear.
The findings of the present study were noteworthy in that male gender was not correlated with the ABI value (r = -0.147), despite being a risk factor for critical limb ischemia. 39 In the present study, patients were of advanced age, with a mean age of 83.6 years. The incidence of vascular disease increases as women progress through menopause and reaches an incidence similar to that of men later in life. 41 Further studies are required to clarify these results.
Other factors
Hemoglobin (red blood cell count) and sodium (chlorine) differed significantly between the patients with and without PrUs. However, in both groups, the mean hemoglobin value was below the reference range, and the sodium level was within the reference range. Thus, these parameters were not helpful in identifying subjects at risk. THE RECEIVER OPERATING CHARACTERISTIC CURVE PLOTTING SENSITIVITY AND 1-SPECIFICITY 
